In this analysis, data from 4 German, randomized (neo-)adjuvant trials, including anthracycline-based chemotherapy, were evaluated for toxicity, compliance and feasibility. Patients were grouped according to age. Results: Of the 4,775 patients, 73.6% were < 60 years, 15.8% were 60-64 years and 10.6% were > 64 years. The patients' compliance decreased with increasing age, the rate of therapy discontinuations was 10.3%; 16.0% were > 64 years old (p < 0.001). The rate of dose reductions also increased with increasing age in the docetaxel/ doxorubicin/cyclophosphamide (TAC) (p overall = 0.02) and 5-fluorouracil/epirubicin-cyclophosphamide (FE 120 C) (p overall < 0.001) treatment groups. Neutropenia grade 3 + 4 in patients of > 64 years was 77% in FE 120 C-compared to 55% in TAC-treated patients (with primary granulocyte colony-stimulating factors (G-CSFs)). The incidence of febrile neutropenia (FN) was lowest in the regimens without additional taxanes. FN in patients aged > 64 years was lower in the FE 120 C-than in TACand dd-doxorubicin/docetaxel-treated groups. Conclusion: The range and intensity of toxicity increased with age. Neutropenia did not increase significantly in the dd groups; the highest rate was seen in FE 120 C-treated patients. FE 120 C without G-CSFs is not an option in patients older than 64 years.
Introduction
More than 50% of all breast cancers (BCs) are diagnosed in patients older than 65 years. Because elderly patients are underrepresented in clinical trials, level 1 evidence on treatment for this population is scarce. Treatment recommendations for younger women cannot simply be carried over to elderly patients [1] [2] [3] , but undertreatment could lead to higher rates of BC recurrences and mortality [4, 5] .
Various study groups have published retrospective analyses, showing that older patients derive the same benefit from standard chemotherapy as younger patients [5, 6] . Muss et al. [7] demonstrated that adjuvant chemotherapy (cyclophosphamide, methotrexate, and fluorouracil) is superior to capecitabine monotherapy in patients > 65 years, suggesting that elderly women need to be treated according to standard treatment recommendations. 4 cycles of 3-weekly epirubicin/ cyclophospamide are no longer considered the standard of care, especially in patients with node-positive BC.
Several meta-analyses [8] have shown that the overall outlook for women diagnosed with early BC has improved in recent decades. Anthracyclines are still considered to be one of the most potent cytotoxic drugs for BC patients. Our study group has already shown that elderly patients are able to cope with a variety of taxane-containing regimens [9] . A major issue in treating elderly patients with chemotherapy is toxicity. Bone marrow reserves and renal function decrease with age, increasing the probability of myelosuppression and the risk of toxicity. The occurrence of myelosuppression, cardiodepression, peripheral neuropathy, and neurotoxicity can complicate treatment [10, 11] .
The aim of this analysis was to compare data on acute toxicity and tolerability in different age groups with a focus on the elderly population receiving modern anthracycline-and taxane-containing chemotherapy for BC.
Materials and Methods
Data from 4 German prospectively randomized clinical trials, conducted between 1999 and 2005, were pooled. These trials included primary BC patients receiving anthracycline-containing chemotherapy. The metadatabase was closed in October 2006; the number of patients in the present analysis may, therefore, differ from the respective individual study publications. For every study the number of patients included in the present analysis exceeds 75% of those evaluable. Toxicity data from the studies were analyzed for anthracycline-containing chemotherapy regimes in older patients (aged > 64 years) and were compared with toxicity data from patients aged < 60 and those aged 60-64 years treated in the same studies. Patients older than 64 years were described as 'elderly' patients in line with the publications [12, 13] .
In the ADEBAR trial (NCT00047099), patients received 4 cycles of adjuvant therapy either with epirubicin/cyclophosphamide (90/600 mg/ m 2 ) every 3 weeks (q3w) followed by 4 cycles of docetaxel (100 mg/m 2 ) q3w, or 6 cycles of 5-fluorouracil/epirubicin (500/60 mg/m 2 ) intraveneously (i.v.) on days 1 and 8, and cyclophosphamide (75 mg/m 2 ) orally (p.o.) on days 1-14 q4w [14, 15] . The enrolment into the study was limited to patients aged ≥ 18 to ≤ 70 years with a life expectancy of at least 32 months. The patients only received secondary prophylaxis with granulocyte colony-stimulating factors (G-CSF) if febrile, severe or prolonged neutropenia occurred.
In the ASG 1-3 trial (NCT00668616), patients received 4 cycles of adjuvant therapy either with epirubicin/cyclophosphamide (90/600 mg 2 ) q3w followed by 4 cycles of paclitaxel (175 mg 2 ) q3w, or 4 cycles of epirubicin (120 mg/m 2 ) q2w and then 4 cycles of paclitaxel (175 mg/m 2 ) q2w. Enrolment into the study was limited to patients aged ≥ 18 to ≤ 75 years. Patients in the dose-dense (dd) arm receiving doxorubicin/docetaxel (AT) were given a primary prophylaxis with G-CSF on days 5-10. Patients with primary anti-infective therapy were not included in the study.
In the GeparDuo trial (NCT00543829), patients received 4 cycles of neoadjuvant therapy with doxorubicin/cyclophosphamide (60/600 mg/m 2 ) q3w followed by 4 cycles of docetaxel (100 mg/m 2 ) q3w or 4 cycles of AT (50/75 mg/m 2 ) q2w [16] . Enrolment into the study was limited to patients aged ≥ 18 years and with a life expectancy of ≥ 10 years. All patients in the dd arm who received AT q2w were given primary prophylaxis with G-CSF on days 5-10. Antibiotic treatment was started only as a secondary prophylaxis.
In the GeparTrio trial (NCT00544765), patients received 2 cycles of neoadjuvant chemotherapy with docetaxel/doxorubicin/cyclophosphamide (TAC, 75/50/500 mg/m 2 ) followed by either 4 cycles of TAC, 6 cycles of TAC, or 4 cycles of vinorelbine (25 mg/m 2 on days 1 and 8) plus capecitabine (1,000 mg/m 2 on days 1-14) q3w [17, 18] . Enrolment into the study was limited to patients aged ≥ 18 years, with no upper age limit. In this trial, the supportive treatment has been amended during the course of the trial, starting with only antibiotic prophylaxis. The febrile neutropenia (FN) prophylaxis regimen was stepwise intensified to G-CSF, pegfilgrastim and pegfilgrastim plus ciprofloxacin [19] .
Dose delays and dose reductions were performed according to special steps predefined in the protocol. In the following, when the term 'compliance' is used, it refers to the adherence to the planned chemotherapy as defined in the individual protocols, in terms of dose reduction, dose discontinuation and dose delays in total. In this paper, only the anthracycline-containing cycles were analyzed. Further details regarding the study designs have been described elsewhere [9] .
The chemotherapy schedules were grouped as follows: -TAC: Docetaxel/doxorubicin/cyclophosphamide i.v. q3w; -Canadian FE 120 C: 5-fluorouracil/epirubicin i.v. days 1 and 8 followed by cyclophosphamide p.o. days 1-14 q4w; -A(E)C-[T/P]: doxorubicin(epirubicin)/cyclophosphamide (60(90)/ 600 mg/m 2 ) i.v. q3w followed by docetaxel (100 mg/m 2 ) or paclitaxel (175 mg/m 2 ) q3w; -ddAT: dd doxorubicin/docetaxel (50/75 mg/m 2 ) q2w; -ddE-ddP: dd epirubicin followed by paclitaxel (120/175 mg/m 2 ) q2w. The protocols were reviewed by all responsible local ethics committees and competent authorities. All patients gave written informed consent for participating in the individual trials.
Data Collection and Statistical Analyses
Data on dose delays and dose reductions, hospitalizations, treatment discontinuations, deaths, and hematological and non-hematological toxicities were collected. For hematological toxicity, not all records of all cycles included the same data on the respective events: FN data were recorded for patients on the TAC regimen; all other patients were considered to have FN of at least grade 3 in a given chemotherapy cycle if they had grade 3+4 neutropenia, more than grade 1 fever, and no infection. All FN cases reported as serious adverse events with severity grade were also considered. In cycles where at least 1 of the 3 parameters (neutropenia, fever, infection) was missing, and FN was not reported in the serious adverse events description, the cycle was considered as having a missing value for FN. All statistical analyses were exploratory and no adjustments were made for multiple comparison. Calculations were performed using Reinisch/von Minckwitz/Harbeck/Janni/ Kümmel/Kaufmann/Elling/Nekljudova/Loibl 10% (n = 2,238) to patients aged > 64 years. The main baseline characteristics are summarized in table 1.
Dose Delays, Dose Reductions, and Early Discontinuations
Dose delays were reported in 10.2% and treatment discontinuations due to toxicity in 10.3% of all patients who started treatment. The FE 120 C regimen was the most toxic with dose reduction of 21.5% in total (15.7% in the < 60, 26.9% in the 60-64, and 39.9% in the > 64 year age groups; p < 0.001), dose delays of 26.8% in total (24.7% in the < 60, 32.4% in the 60-64, and 28.6% in the > 64 year age groups; p = 0.266) and early treatment discontinuation of 16.6% in total (13.2% in the < 60, 20.2% in the 60-64, and 26.8% in the > 64 year age groups; p = 0.007). SPSS 14.0.1 for Windows (SPSS Inc. Chicago, IL, USA). Grading systems for toxicities in different studies were checked for consistency and were converted into National Cancer Institute Common Terminology Criteria version 3 (NCI-CTCAE 3.0) grades. Pearson's chi-squared test was performed to compare incidences of toxicity endpoints.
Results
This analysis is based on data from 4 German studies including a total of 4,775 patients receiving an anthracycline-containing chemotherapy regimen for primary BC. A total of 22,306 anthracycline-containing chemotherapy cycles were administered, 74.8% (n = 16,679) to patients aged < 60 years, 15.2% (n = 3,389) to patients between 60 and 64 years and 
Discussion
In this pooled retrospective analysis of individual patient data from 4 randomized clinical trials, we describe the compliance, and hematological, and non-hematological side effects of 5 different anthracycline-containing chemotherapy regimens for women with primary BC, with the focus on the elderly population. The analysis separated the toxicities according to patients' ages into 3 groups: patients of < 60, those between 60 and 64 and those > 64 years. Elderly patients were defined by age > 64 years.
Overall, the compliance decreased with age, independent of the applied chemotherapy regimens. The FE 120 C schedule Comparing the dd regimens with each other, the overall dose delays were comparable with the 9.1% for the ddAT schedule and 9.6% for the ddE-ddP schedule. The reported incidences of dose delays during ddAT steadily increased with age (5.8% in the < 60, 17.3% in the 60-64, and 20.0% in the > 64 year age groups; p overall < 0.001), whereas during the ddE-ddP regimen there was no significant differences between the age groups (9.1%, 14.5%, and 7.0% respectively).
Hematological Toxicity
The rate of neutropenia grade 3+4 and FN for the applied regimens are given in table 2. The incidence of these hematological toxicities varied by regimen and age. More-intense regimens such as FE 120 C were associated with more grade 3-4 hematological toxicity than less-intense regimens such as A(E)C-[T/P]. Analyzing older versus younger patients, the per-patient incidence of grade 3-4 hematological adverse events generally increased with age, regardless of the chemotherapy regimen administered. The rate of neutropenia grade 3-4 increased significantly from the younger to the elderly group. Results comparable to the rate of neutropenia grade 3+4 were found for the rate of leukopenia grade 3+4, which also showed a significant increase with age. The rates of FN were not significantly different between the age groups.
The incidence of FN of all grades was lowest in the regimens without an additional taxane (FE 120 C regimen with 2.9%, ddE-ddP regimen with 0.9% and A(E)C-[T/P] with 1.0% for all patients) in comparison to the TAC (10%) and the ddAT schedule (4.7%). Further details for neutropenia and FN grade 3+4 according to the patients' age are summarized in table 2. The high rate of hematological side effects can be countered with G-CSF. This was used in the dd regimens (ddAT, ddE-ddP) as a primary prophylaxis, and stepwise in patients receiving TAC to help them adhere to the appropriate and most effective dosing [24] that is part of many clinical trials [25] [26] [27] . No primary prophylaxis was implemented in the ADEBAR trial, but secondary prophylaxis with G-CSF was given to more than 60% [28] of those receiving FE 120 C. The
European Organisation for Research and Treatment of Cancer
(EORTC) guidelines [29] recommend primary prophylaxis with G-CSF when the risk for FN of the regimen is 20%, or when the FN risk of the regimen is between 10 and 20% in high-risk patients (e.g. > 65 years). Age is the most notedd risk factor for FN.
In our cohort, the frequency and severity of non-hematological side effects were as expected from the known side- was most problematic with a particularly high incidence of dose delays, dose reductions, and therapy discontinuations. This was seen for the elderly in our analysis as well as in studies of other groups [20, 21] . Nevertheless, some authors found in a retrospective analysis that age per se was not an indicator for decreasing compliance, which appeared to be related to co-morbidities and BC stage [22] . Hematological toxicities increased with age. The lowest incidence of hematological side effects was noticed for neutropenia and FN in the ddE-ddP schedule, despite the dd regimen. The highest incidence of neutropenia was reported for patients receiving FE 120 C. The highest rate of FN was reported for TAC. The toxicity of ddAT or FE 120 C was in agreement with the findings of other study groups, who reported similarly high results of adverse hematological events, which also increased in the elderly [21, 23] . low, despite the fact that only 1 study had an age limit of 65 years. This reflects current clinical trial practice for elderly patients. We have therefore started a trial with elderly patients comparing a taxane-containing combination therapy with 4 cycles of conventional epirubicin/cyclophospamide [31] .
In conclusion, the dd and dose-intensified regimens induced more side effects. Our analysis showed that all analyzed age groups were able to cope with the therapeutic approaches. Elderly patients experienced more hematological side effects with the analyzed chemotherapies. However, not all of the elderly patients have received G-CSF as recommended by current guidelines. In general, sequential therapies were better tolerated than combination therapies, and dd therapies were also well tolerated in a sequential application design with the backup of G-CSF if necessary. FE 120 C is an effective regimen but, after evaluating the risk benefit, it does not seem to be an adequate alternative to sequential taxane-containing regimen especially in those > 64 years.
effect profile of the agents used. Sensory neuropathy grade 3+4 occurred more often in patients receiving a taxanecontaining therapy. The elderly do not necessarily suffer more from those side effects, as the comparison between the age groups did not show significant differences. Mucositis grade 3+4 was less frequently reported in patients receiving A(E)C-[T/P] than in patients receiving any kind of dd or dose-intensified therapy. The elderly patients seemed to suffer more from mucositis grade 3+4 than younger patients, but only the ddE-ddP regimen showed significant differences between the age groups, with a peak between 60 and 64 years.
There are no follow-up data available for this analysis. Therefore, the final results regarding long-term toxicities are missing. In addition, there are no data available on relapses or responses [16, 18, 28, 30] . The analysis has its limitations as it has been done as a post-hoc analysis. Long-term toxicity is lacking and the toxicity data have not been linked to outcome data. However, the large sample size supports the findings. However, the number of patients who were 65 and older was
